Aims This study aimed to describe a method of peripheral muscle training with resistance bands in patients with chronic heart failure (CHF) and to evaluate its effects on the 6 min walk test and quality of life up to 12 months using a homebased programme. Methods and results Twenty-two patients with stable CHF (19 men and 3 women), mean age 63.2 years (SD 8.1), New York Heart Association class II-III were randomized to individual home-based training (HT group), or home-based training with a group-based start-up in a hospital setting (GT group). A 6 min walk test, the Minnesota Living with Heart Failure Questionnaire (MLHFQ), and Short Form with 36 items (SF-36) were administered at baseline and after 3, 6, 9, and 12 months. Exercise training resulted in statistically significant increased walking distance in both groups. The HT group increased on average 107 (80) m from baseline to 12 months, and the GT group by 100 (96) m. Health-related quality of life, measured with MLHFQ and SF-36, reached statistically significant improvements in both groups but at different time points. There were no statistically significant differences between groups on any parameters or follow-ups. Conclusions Long-term home-based peripheral muscle training in patients with CHF, with or without an introductory period in a hospital setting, can be used for initial improvement and retention of walking distance and health-related quality of life.
Introduction
Exercise training in patients with chronic heart failure (CHF) can positively impact physical fitness and health-related quality of life 1, 2 and is a class IA recommendation in both European and American guidelines. 3, 4 Despite this, only a small portion of patients with CHF receive a customized, individual-based exercise training programme. 5 Poor physical fitness and impaired health-related quality of life are characteristic of patients with CHF and limit both their daily activities and exercise training. 6, 7 Since effects of exercise vanish quickly during de-training, 8, 9 exercise training needs to be continual and lifelong. Both short-term and long-term exercise programmes can be difficult for patients with CHF when symptoms such as dyspnoea and fatigue occur even at low physical activity levels. 10 This may, therefore, limit willingness to undertake an exercise training programme. 2, 5, 10 For these patients, a resistance training programme with, for example, elastic bands, may be an alternative. A resistance band is an elastic band with adjustable resistance, which allows the patient to vary its length to reach a submaximal force level in various muscle groups. Pu et al. 11 showed improvements in submaximal muscle endurance, achieved by progressive resistance training, which may be important from the patient's perspective, since most daily activities are performed at submaximal force levels. This suggests that peripheral muscle training (PMT) could improve daily life, such as walking distance and health-related quality of life. In addition, many patients are unable to participate in an exercise training programme in a hospital setting, for example, due to economic or transportation issues. 10, 12, 13 For these patients, a home-based exercise training programme could represent an alternative. 2, 14, 15 Most previous studies have evaluated exercise training programmes in a hospital setting for shorter limited periods. 16, 17 A few studies with long-term follow-ups for a year or more have focused mainly on cycling or walking. 18, 19 Studies on long-term follow-up in a home-based PMT are lacking. We have, therefore, modified a previously reported PMT programme, which included home-based training and elastic resistance bands. 20, 21 Our first aim was to describe the method of a 12-month home-based PMT programme with resistance bands, and to evaluate its effects on the 6 min walk test and health-related quality of life in patients with CHF. The second aim was to compare the effect of home-based vs. group-based training in an outpatient hospital setting (routine care at Kalmar County Hospital, Sweden) during the initial 3-month training period and subsequent follow-up period.
Methods

Study design and population
This is a prospective study of physical training in patients with CHF undergoing a home PMT programme using resistance exercise bands, with or without a start-up period of 3 months in a hospital setting.
Twenty-two patients with CHF were recruited from the outpatient cardiology clinic at Kalmar County Hospital, Sweden. Inclusion criteria were a CHF diagnosis > 3 months with stable drug therapy, New York Heart Association functional class II or III, a left ventricular ejection fraction < 40%, and an age ≤ 80 years ( Table 1) . Exclusion criteria were concomitant chronic diseases, for example, chronic obstructive pulmonary disease or diabetes, and physical or mental disorders limiting the ability to carry out tests and exercises included in this study.
The Regional Ethics Review Board, Linköping, Sweden, approved the study, and all included patients gave their written informed consent to participate. Following the completion of baseline testing, patients were randomized by choosing a sealed envelope (1:1 ratio without stratification) to one of the interventional groups. The investigation conforms to the principles outlined in the Declaration of Helsinki. Measures of exercise capacity and self-reported quality of life were performed before the exercise period and at the 3-, 6-, 9-, and 12-month follow-ups. A physiotherapist, not otherwise involved in the investigation and blinded to group belonging, tested the patients. All patients were asked to maintain their daily physical activities during the intervention period.
Intervention
The PMT regime consisted of training with resistance exercise bands [Resistive Elastic Product (REP)-band®, Magister Corporation, Chattanooga, USA], using an isolated muscle mass with a low load and high number of repetitions to increase peripheral circulation in a specific skeletal muscle while imposing only a low load on the cardio-respiratory system. All patients exercised with two elastic bands of different resistance levels for the arm and leg exercises. The load of each manoeuvre was individually adapted based on a heart rate restricted to exceed no more than 30 beats above the resting value, 20, 21 as measured by a heart rate monitor (Polar®, Kempele, Finland). The PMT involved nine different muscle groups ( Table 2) . Each manoeuvre was repeated 30 times (one or two sets). At follow-up, the load could be adjusted, but patients could contact the physiotherapist at any time if necessary. Total exercise time per week was 120 min.
Home-based training group
Home-based training included exercises with the patient's body weight as resistance and the use of elastic bands. After introduction to the PMT programme, the home-based training group (HT group) was asked to exercise at home regularly three times a week,~40 min per session (i.e. one set at three times a week). The patients were asked to fill in an exercise diary comprising date, duration of the session, and estimation of perceived exertion. Each patient had a single telephone follow-up with the physiotherapist during the first 3 months. The patients were asked if the exercise programme worked well and if there were any ambiguities concerning the exercise programme requiring attention.
Group-based training group
In the hospital setting, pulley, free weights, and body weight were used as resistance. During the first 3 months, the groupbased training group (GT group) attended the 60 min PMT programme twice weekly (i.e. two sets at twice weekly) at the cardiac rehabilitation ward, as outpatients, under the supervision of a physiotherapist. After the initial supervised period, patients exercised at home in the same way as the HT group.
Outcome variables
Six minute walk test
All patients were instructed to walk as far as possible at their own pace for 6 min on an 80 m course (in a hospital corridor) with rest, if needed. The total walking distance was measured. 11 Heart rate was recorded before and after the test, and patients were asked to assess the rate of perceived exertion (RPE) 6-20 and feeling of breathlessness [category ratio (CR) 0-10] according to the Borg scales. 22 The patients performed a practice walk test to reduce the learning effect.
Quality of life
A validated and reliability tested Swedish version of the disease-specific Minnesota Living with Heart Failure Questionnaire (MLHFQ) was used. MLHFQ comprises two dimensions, one physical consisting of eight items, score 0-40, and one emotional consisting of five items, score 0-25. 23 A lower score reflects a better quality of life.
The validated and reliability tested Swedish version of the health-related questionnaire Short Form with 36 items (SF-36 v1 ™ ) 24 was used to analyse variations in health-related quality of life during the test period. SF-36 v1 ™ comprises eight sub-dimensions, which were in turn weighted together into two dimensions, one physical and one mental. Items in each dimension are transformed into a scale ranging from 0 (worst health) to 100 (best health). SF-36 v1 ™ was completed together with the MLHFQ.
Adherence
Patients were asked to fill in an exercise diary to monitor adherence during the study year. The diary contained the number of sessions (weekly), duration of exercise, and the estimated perceived exertion during each exercise session. After the last follow-up at 12 months, patients were prompted to take responsibility for their own exercise. With stretching exercises in both groups GT-group, group-based training group; HT-group, home-based training group; M., muscle; REP-band, resistive elastic product.
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Statistics
The power calculation was based on previously published results from similar studies. Calculations on an expected increase of 20% in walking distance with an SD of 30% indicated that a total of 24 patients should be included. Since the GT group could not affect the number of training sessions per week (maximum 2) for the first 3 months, the frequency of weekly training sessions in the HT group was limited to a maximum of three as prescribed. There was no limitation during the remainder of the training period. Before conducting the data analyses, missing follow-up data from two patients were estimated using the pooled mean value from each outcome from the missing follow-up occasion (mean imputation). Group differences at baseline were analysed using Fisher's exact test for categorical, and Mann-Whitney's U-test for continuous parameters, solely for descriptive purposes. The residuals of all presented variables were normally distributed, and repeated-measures ANOVA was used to compare changes over time with groups as categorical predictors, followed by Duncan's test in the case of significance. A level of P < 0.05 was considered statistically significant. The data were analysed in Statistica version 12 (StatSoft®, Tulsa, OK, USA).
Results
Patient characteristics
Patient characteristics and measurements at baseline were comparable ( Table 1) , and medical treatment was unchanged during the study period. All patients tolerated the exercise training well. Four patients were treated for heart failure in hospital for a few days, but this did not substantially affect the exercise training. One patient dropped out after 3 months and another after 6 months, both from the HT group: One developed lumbago and one lived too far away to attend. Thus, 10 patients were included in the HT group, and 12 in the GT group.
Longitudinal differences
Group differences
There were no statistically significant differences between the HT and GT groups regarding walking distance [the difference at 3 months was 26 m (P = 0.62), and at 6 months, 45 m (P = 0.41)] or quality of life before exercise or during the follow-up period.
Six minute walk test
The HT group increased their walking distance significantly (P < 0.002) from 396 m (96) at baseline to 464 m (118) at 3 months, on average 68 m (17%), and remained unchanged thereafter (Figure 1) . Walking distance in the GT group also increased significantly (P < 0.001) from 393 m (130) at baseline to 490 m (108) at 3 months, an average improvement of 97 m (25%), and maintained the obtained walking distance up to 12 months. No differences were seen in perceived exertion (RPE 6-20) or perceived shortness of breath (CR-10). The resting heart rate or the heart rate from rest to exercise did not change significantly during the follow-up.
Quality of life
The GT group improved the physical dimension of disease-specific quality of life (MLHFQ), significantly at 3 months, which remained unchanged for up to 12 months. The emotional dimension also improved but reached statistical significance only at the 3-and 12-month followups ( Figure 2) . Regarding the SF-36, both the physical and mental dimensions improved significantly at 3 months and remained unchanged thereafter (Figure 2 ). In the HT group, the disease-specific quality of life (MLHFQ) increased, although not significantly except for a statistically significant increase for the physical dimension at 6 and 9 months ( Figure  2) . The emotional dimension increased but was not significant at any of the follow-ups. The SF-36 improved significantly in the physical dimension at 12 months and in the mental dimension at 9 and 12 months (Figure 2 ).
Adherence to exercise
There were no differences between the groups for adherence according to the prescribed procedure from baseline to 3 months (maximum three and two times a week for the HT and GT group, respectively; Figure 3 ). Average adherence per week for the first 3 months was 80% [median three times per week (range 1.5-3.0)] and 100% [median two times per Figure 1 Six minute walk test (6MWT). Mean values and 95% confidence interval for 6 min walking distance at baseline (BL) and during the followup period. GT, group-based training group; HT, home-based training group. Differences from baseline in each group **P ≤ 0.01, ***P ≤ 0.001. week (range 2-2)] of the prescribed number of exercise sessions in the HT and GT groups, respectively. The HT group significantly increased the number of exercise sessions per week at the 6-month follow-up (P < 0.05) and remained unchanged for 12 months. The GT group significantly reduced the number of weekly exercise sessions from 3 to 6 months (P < 0.001) and maintained the reduction for 12 months. There was a statistically significant difference between the groups at the 6-month follow-up, P = 0.017. Between 3 and 6 months, the corresponding numbers were 100% [median 3. 
Discussion
The major findings in this study were that PMT with REP bands, mainly at home, was effective in increasing walking distance and quality of life in patients with CHF. The improvement was achieved after 3 months and persisted for up to 12 months, with limited surveillance after the initial 3 months. One group underwent a 3-month initial outpatient hospital-based exercise programme before the home-based Figure 2 Quality of life. Physical and emotional/mental dimension of the Minnesota Living with Heart Failure Questionnaire (MLHFQ) and the Short Form with 36 items (SF-36) at baseline (BL) and during the follow-up period. Note that the two scales go in opposite directions. Mean and 95% confidence interval. GT, group-based training group; HT, home-based training group. Differences from baseline in each group *P ≤ 0.05, **P ≤ 0.01. exercise; the other group did not. The results showed a significant improvement for both groups in the 6 min walk distance (6MWD) that persisted for 12 months. Since the rate of perceived exertion and heart rate were unchanged, the increased 6MWD is most likely the result of increased work capacity. The improved walking distance as a result of PMT in this study is in line with a study of Tyni-Lenné et al., 25 showing increased walking distance (by 11%) after 8 weeks of PMT with elastic bands (two sets and 25 repetitions). Exercise training, in their study, was only in a hospital setting. A similar study by Safiyari-Hafizi et al. 26 also showed significantly improved walking distance by home-based training with elastic bands (15 repetitions and one to three sets) after 12 weeks. Their study, however, focused on a contained high-intensity, interval walking programme. 26 Gaffney et al. 21 suggested as early as 1981 that resistance exercise with a high number of repetitions may increase aerobic capacity and may be suitable for patients with poor physical fitness as seen in CHF. One reason for the improvement in aerobic capacity by PMT could be that patients have previously been highly inactive and were even recommended to live a quiet life. Increased breathlessness, onset of sympathetic drive, and vasoconstriction in CHF, even upon mild exertion, might be related to overactivity of the ergoreflex due to decreased metabolism in working muscles. PMT increases work capacity and tolerance, and one possible mechanism is improved peripheral muscle metabolism where acidosis and enhanced ergoreflex activity will be reduced. 7, 27 Several studies have shown that aerobic exercise training increases work capacity. 28 A problem for patients with CHF is breathlessness when walking or cycling. Such exercise can be hard to tolerate and can therefore lead to immobilization followed by muscle hypotrophy. 29 However, an isolated muscle can be exercised to fatigue without breathlessness significantly affected. This speaks for using a PMT programme in CHF patients.
MLHFQ -Physical dimension
Both the disease-specific and health-related quality of life improved significantly, at almost every follow-up in this study. Previous studies 25, 26 have reported similar increases in the MLHFQ after 8 and 12 weeks of training with elastic bands.
In this study, both groups exercised as prescribed for the first 3 months. Between 3 and 12 months, they had fewer exercise sessions, which may reflect poor self-discipline and must be taken into account when judging the benefit of a home-based exercise programme. The GT group lowered their exercise frequency at home after the introductory period while the HT group did not. A reason for this could be that the GT group was accustomed to exercising twice a week, whereas the HT group was accustomed to three times weekly. We believe that patients chose to exercise as prescribed for the first period and had thus become accustomed to that level. However, despite the lower exercise frequency after the first 3 months, both groups maintained improvements, probably because they had become generally more active.
The EXERT-study 19 showed that 16% of the patients in the home-based exercise group attended <50% of sessions, and 14% did not attend any of the scheduled programme sessions. One of the reasons could be decreased motivation to exercise, suggesting that a home-based exercise programme needs constant follow-up.
The findings of the HF-ACTION study 18 support the efficacy and benefit of exercise training in patients with CHF. However, patients underwent aerobic exercise training (treadmill or cycle) at a rather moderate level (60-70% of heart rate reserve), and upper body exercises or strength training was not permitted during the supervised or homebased training period. Only 30% of the patients in the exercise group adhered to the prescribed programme. The authors of the HF-ACTION study suggest that the lack of adherence could be limitation due to the disease, co-morbidity, and/or diminishing motivation. 15, 18 The declining adherence issue seems to be difficult to overcome.
Taylor et al. 30 showed, in a recently published review, that both home-based and centre-based rehabilitation was equally effective for improving clinical and health-related quality of life outcomes in patients with CHF, for the short term. Their conclusion was that the choice of participating in a traditional centre-based or home-based programme should reflect the preference of the patient. Finally, they highlight the need for studies focusing on home-based training rehabilitation for the long term.
Thus, when exercise programmes are required to be long term and ongoing, home-based interventions are necessary to provide continuous treatment for patients with CHF. 31, 32 The progression of the effects of exercise training can be divided into three stages: (i) initial, (ii) improvement, and (iii) maintenance. Achieving the maintenance phase takes at least 6 months. 27, 33 The maintenance phase should be lifelong. Implementation of supervised lifelong exercise training in traditional cardiac rehabilitation is desirable but most likely unfeasible. 15 Therefore, it is necessary to provide several training options, and develop and explore strategies for maintaining exercise training.
The PMT programme needs no complicated equipment. Individual gyms consisted of two resistive elastic bands (REP-band®) at home, and the PMT could be adjusted to the patient's ability and progress at any time. This study shows that a lifelong training programme that is easy to perform and can continue on holidays and weekends is achievable.
Since this was a relatively new mode of exercise for these patients, we chose to perform a pilot study and exclude concomitant chronic diseases, which entails a limitation when the number of patients in the two groups are small. Another limitation is the absence of a non-exercising control group. However, including a control group without exercise was 246 C. Lans et al.
not possible due to ethical considerations, since routine care in our hospital entails that all patients with CHF are offered cardiac rehabilitation, and that exercise training is a class IA recommendation in both European and American guidelines.
3,4
Conclusions
Both regimens of PMT increased walking distance as well as quality of life, and improvements were sustained after 12 months with low external resources being required for the last 9 months of the study year. Home-based PMT provides the opportunity to exercise for patients unable or unwilling to participate in a hospital-based exercise programme. Patients with CHF could either start their exercise programme in a hospital setting or begin exercising directly at home after exercise instructions.
